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Joe Ellis’ soil-forming factors 
Ellis 1938 Soils of Manitoba
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Macro-scale: Parent material
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Macro-scale: Climate
Pennock et al. 2011 CJSS 91: 719-747
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Macro- to Micro-scale: Organisms
www.foodforestfarm.com/get-the-dirt/soil-aggregates-plant-roots-and-cover-crops
IS/iStock via http://ici.radio-canada.ca
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Meso-scale: Topography
Ellis 1938 Soils of Manitoba
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Meso-scale: Topography
Ellis 1938 Soils of Manitoba
College of Agriculture
and Bioresources
Meso-scale: Catena
Pennock et al. 2011 CJSS 91: 719-747
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Macro- to Meso-scale: Groundwater
Pennock et al. 2014 Geoderma 235-236: 199-211 
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The 7th factor: Human activity
Between- and within-field source of variability
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Tillage redistribution: horizontal effects
Mg ha-1 y-1
Pennock
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Tillage redistribution: vertical effects
VandenBygaart et al. 2012 Global Change Biology 18: 1441–1452
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Tillage redistribution: vertical effects
Helgason et al. 2014 Agriculture, Ecosystems and Environment 196: 94–102
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No till – still affecting variability!
Hu et al. 2014 Precision Agriculture DOI 10.1007/s11119-014-9384-3 
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Micro-variability: Hot spots
Kuzyakov and Blagodatskaya 2015 Soil Biology Biochemistry 83: 184-199
Size of microbial hotspots ranges from a few μm up to several mm.
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Micro-variability: Hot spots
Kuzyakov and Blagodatskaya 2015 Soil Biology Biochemistry 83: 184-199
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Temporal variability: Hot moments
Kuzyakov and Blagodatskaya 2015 Soil Biology Biochemistry 83: 184-199
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Summary: Multi-scale variability
▪ The complexity of soil formation has given rise to multi-
scale variability of a host of properties
▪ Horizontally: across the Prairies, across soil zones, 
across landscapes
▪ Vertically: due to both natural soil-forming processes 
and due to soil redistribution
▪ Temporally: hot moments (hours, days, seasons…)
▪ New technology is helping us better understand 
previously-unknown sources of variability
